The aim of this study was to analyze treatment outcomes and morbidity of contralateral neurological symptom in patients after TLIF surgery and to explore its possible causes.
Background
Transforaminal lumbar interbody fusion (TLIF) was proposed by Blume and Rojas [1] in the early 1980s, and has been widely used in the treatment of lumbar degenerative disease, spinal instability, and discogenic diseases [2] . Translational studies have demonstrated that TLIF has satisfactory clinical efficacy. In 2006, Glassman observed 497 cases of patients and reported [3] that SF-36 composite score was improved by an average of 9.9 at 1 year after TLIF and the average score was improved by 9.5 after 2 years. The overall fusion rate after TLIF surgery could reach as high as 90% [4, 5] . Villavicencio [6] reported in 2007 that the long-term overall fusion rate could be 100%.
TLIF technique has been improved and developed for many times since its advent. The surgery has developed from the initial Wiltse approach [7] to posterior open approach and outer pole approach [8] . With the recent popularization and development of the Mis-TLIF, it, combined with a variety of expandable-channel technologies, has become the most mature minimally invasive spine surgery [9] [10] [11] .
Compared with the traditional PLIF, TLIF technique showed advantages such as small incision, less bleeding, and little influence on spinal stability [12] [13] [14] [15] , but it is still likely to have wound infection, postoperative hematoma formation, fusion shift, cerebrospinal fluid leakage, and other surgery complications [16, 17] . In addition, postoperative contralateral neurological symptoms may be a potential complication of TLIF surgery. Despite reports in previous studies [17] , it has not been widely acknowledged or emphasized.
Material and Methods

Inclusion and exclusion criteria
Inclusion criteria: (1) Preoperative diagnosis was lumbar intervertebral disc herniation with unilateral nerve symptoms or lumbar spondylolisthesis £I°; (2) Invalid formal conservative treatment more than 3 months; and (3) The surgical operations was single-or double-segment TLIF.
Exclusion criteria: (1) Lumbar trauma, tumor, severe osteoporosis, or congenital malformation; (2) Lumbar intervertebral disc herniation with bilateral nerve symptoms or lumbar spondylolisthesis ³I°; (3) The operation is not TLIF; (4) Combined with other serious systemic diseases or metal allergy; and (5) Incomplete or missing follow-up.
General information
Complete data of TLIF surgery and follow-up from January 2009 to December 2012 in our hospital were systematically and retrospectively analyzed. The study included 476 patients in the period from 2009 January to 2012 December who underwent surgery in single-or double-segment TLIF, including 291 males and 185 females, ages 19-68 years, and average age 55.3 years. Contralateral nerve symptoms occurred in 18 patients (Group S), including 11 males and 7 females. Forty patients (Group N) were randomly selected among the 458 patients in the non-symptomatic group, including 22 males and 18 females. The 2 groups of patients were followed up for 6-28 months, average 14.3 months. Lumbar anteroposterior and lateral X-ray and intervertebral foramen CT scan of surgical segment were taken before and after surgery or followup. In addition, according to whether the patients underwent second surgery, Group S were further divided into a transient neurologic symptoms group (Group T) and an operations exploration group (Group O).
Follow-up and measurement index
The difference in contralateral foramen area before and after surgery: Saidi's [18] method was used to scan the surgical segment intervertebral foramen with CT. AutoCAD2007 software was used to measure the foramen area of non-decompression side. The difference of contralateral foramen area=postoperative contralateral intervertebral foramen area -preoperative contralateral intervertebral foramen area.
The difference of disc-height index before and after surgery: Masuda's [19] method was used to measure the disc-height index. The difference of disc-height index= postoperative discheight index of surgery segment -preoperative disc-height index of surgery segment.
The time of symptoms appearance: The time since the end of the operation until the contralateral nerve symptoms occurred.
The duration of symptoms: The time since the contralateral nerve symptoms appeared until they disappeared.
The responses to dehydration and hormone drugs: Patients in Group S had been given mannitol injection 50g + dexamethasone injection 10 mg 1/day for 3 days after symptoms occurrence. After that, the patients were given mannitol injection 50 g + dexamethasone injection 5 mg 1/day for 3 days. We then observed whether the drug was working.
The severity of symptoms: VAS and JOA scores were used to evaluate the severity of the patients' symptoms in Group S. Patients in Group O were followed up to gather determine the 1832 symptom improvement rate after surgery. The symptom improvement rate after the treatment=[(score after treatmentscore before treatment)/29-score before treatment]×100%. SPSS 16.0 statistical software was used for statistical analysis. Independent-sample t test was used for comparison of the difference of contralateral foramen area and DHI before and after surgery between group S and group N. The time of symptom appearance, duration, severity (JOA score, VAS score) were compared using 2-sample rank sum test. Fisher's exact test was used to analyze the responses to dehydrating drugs. P<0.05 was considered as statistically significant.
Results
Our institute performed 476 TLIF surgeries from 2009 to 2012, of which 372 were open TLIF and 104 were MIS-TLIF. Eighteen patients displayed postoperative contralateral neurological symptoms, including 14 open TLIF cases and 4 MIS-TLIF cases. Hence, the overall incidence rate was 3.7815%, the incidence rate of open TLIF was 3.7634%, and the incidence rate of MIS-TLIF was 3.8462%. Five symptomatic patients had surgical explorations due to ultimately ineffective conservative treatment; therefore, the rate of surgical exploration was 1.0504%.
Group S (2 cases were excluded due to obvious nerve compression, n=16), compared with group N (n=40), showed significant differences in the contralateral foramen area (Group S +1.7 mm 2±10.1, Group N +5.8 mm 2±4.5) and DHI (Group S 0.01±0.16, Group N 0.18±0.23) (p<0.05) ( Table 1 ).
The differences in time of symptom appearance (group T mean was 86.7 h postoperative; group O mean was 28 h postoperative), duration (group T mean 57.4 h; group O mean 270.6 h), response to dehydrating drugs (response rate of group T was 88.9%; response rate of group O was 0%), symptom severity (group T JOA mean was 24.78, VAS mean was 2.85; group O JOA mean was 13.4, VAS mean was 6.6), and other indicators were all statistically significantly different between group T (n=13) and group O (n=5) (p <0.05). Diagnostic nerve root block was effective for group T patients, but not for patients in group O patients (Tables 2, 3 ). Follow-up visits to group D of patients at 1 year after the surgery showed that the postoperative symptoms (JOA score) improvement rate was 95.42% (Table 4) .
Discussion
Compared with PLIF technique, TLIF technology can achieve better decompression, fusion, and internal fixation, meanwhile avoiding damage to the rear stable structure of the spine. TLIF surgery by Wiltse approach can reduce the excessive dissection 1833 of the rear spinal muscle and soft tissue [7] . In recent years, with the development of minimally invasive techniques, there have been an increasing number of TLIF surgeries assisted by various expandable channels [11] [12] [13] . Because TLIF not only meets the surgical requirements of decompression, fusion, and internal fixation, but also allows minimally invasive operation with a smaller incision and less bleeding, it is being more widely used [12] [13] [14] [15] .
Intensive case studies revealed that TLIF technique can achieve rather good surgical outcome [3] [4] [5] [6] , but its development is still restricted by postoperative complications. Complications that have been frequently reported in previous studies are nerve damage at the decompressed side, wound infection, unalleviated postoperative limb pain, and cerebrospinal fluid leakage [17] . In addition, there are increased rates of pseudarthrosis and Kirschner (K)-wire or Jamshidi needle fracture in the MI-TLIF approach [18] . However, contralateral neurological symptom as a potential complication after TLIF surgery happens in clinical practice. In 2007, Hunt published a case report [17] and described this particular complication for the first time. The paper claimed that this phenomenon has been confirmed by several experienced clinicians, and the incidence rate can reach 2.5%. However, cases reported in the paper are all transient neurological symptom, which was significantly alleviated after conservative treatment. Hunt believed that the situation of intervertebral foramina and nerve root at the non-decompression side after TLIF may not remain unchanged, as assumed previously. This complication may be associated with excessive distraction of surgical decompression side and oversized cage implantation at the decompression side during surgery, as well as foramen deformation of the non-surgical decompression side, which is caused by surgery recovery lordosis curvature. However, given the technical characteristic that surgical decompression is carried out only at the symptomatic side during TLIF surgery, the situation in the lateral lumbovertebral canal and nerve root remain elusive during and after the surgery. The causes of contralateral neurological symptom are also not clear, especially when using minimally invasive techniques [19] . Thus, the contralateral 1834 neurological symptom after TLIF surgery has not yet been received great attention.
As the first large-scale case study for this particular complication, through retrospective analysis of 476 TLIF surgery cases in our hospital, we observed that this complication has a high incidence and is possibly associated with other obvious nerve damage besides transient neurological symptom. Thirteen of the 18 patients in the symptomatic group had transient neurological symptom, which was significantly alleviated with conservative drug treatment, while the other 5 cases were complicated with neurological damage, failed in conservative therapy, and the symptoms were alleviated only after secondary surgical treatment. The overall incidence of the complication was 3.78%, similar to the rate in a previous report [17] . The totally different treatment approaches in these 2 groups of patients make the identifications particularly important. Therefore, a proper understanding and evaluation of this complication, which will guide effective and timely treatment in clinical practice, is of great significance.
The results of this study show that group T and D were significantly different in terms of time of symptom appearance, duration, symptom severity, and response to dehydration (Tables 3, 4 ). This implies that mechanical compression at the contralateral nerve root should be considered for patients who have contralateral neurological symptom that is earlier, longer in duration, and more severe, and who have poorer response to dehydrating drugs, as well as typical signs of nerve root compression, such as the positive contralateral Lasègue's test, decreased muscle strength, and skin sensory loss in the corresponding nerve root dominated region. Further CT imaging is therefore of higher diagnostic value. In Case 1 in group D, for example, a lateral X-ray showed that pedicle screw position was acceptable after the first surgery, but CT showed there was a bias in pedicle screw placement, thus compressing the nerve root (Figure 1 ). CT results of Case 2 showed a shift of the intervertebral bone graft, which caused nerve compression ( Figure 2 ). In addition, there was an obvious reduction of the contralateral foramen area in Cases 3, 4, and 5 before and after surgery (Figure 3 ). This suggests that when signs and symptoms are consistent, CT scans of surgical segment pedicle, intervertebral foramen, and space should be carried out. The fixation location, intervertebral foramen morphology, and condition of decompressing bone implantation should also be examined. Furthermore, for those cases in which signs and symptoms are not typical and imaging examinations cannot determine the nature of the pain, diagnostic nerve root block can serve as a good diagnostic basis. 
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Through the intensive analysis of clinical features of patients in the symptomatic group, we determined that the causes of the complications vary greatly.
For transient contralateral neurological symptom, which has the characteristics of late occurrence, short duration, mild symptom, and good response to dehydrating drug treatment, we hypothesize that its appearance may be associated with intraoperative or postoperative bleeding that results in chemical stimulation on the nerve root spreading from spinal to the contralateral side, severe tissue adhesion in the nerve root compression region, and postoperative nerve root edema response caused by excessive intraoperative traction on the nerve root, all of which spread to the contralateral nerve root and result in contralateral neurological symptom. A patient in group T, for example, had preoperative treatment by intraspinal injection many times. Severe intraoperative spinal tissue adhesion was found during the surgery, which made it very difficult and time-consuming to dissect the nerve root. The patient displayed postoperative contralateral neurological symptom, which was gradually alleviated after conservative drug treatment.
Given that the contralateral nerve damages are usually associated with earlier neurological symptom occurrence, longer duration, severe symptoms, poor response to dehydrating drugs, and nerve root block therapy, its causes should be considered as mechanical compression, which, however, may be due to a variety of reasons.
Firstly, it may be caused by mechanical compression of the internal fixation, i.e., unsatisfactory position of the pedicle screw at the non-pressure side, which breaks through the pedicle cortex and causes direct mechanical compression to the nerve root. In Case 1 in group B, the lumbar vertebral body pedicle screw was deflected towards the inside at the non-decompression side and broke into the spinal canal, resulting in direct mechanical compression of the nerve root. The symptom was relieved after surgical treatment by re-implanting the pedicle to erase the compression (Figure 1 ).
The second reason could be the compression from free bone graft, i.e., free graft caused by careless surgical handling reaches the contralateral side through the spinal canal or intervertebral space, causing compression damage to the nerve root. In Case 2 in group B, for example, postoperative CT imaging revealed a visible free bone graft in the intervertebral segment of the non-surgical spinal decompression side, oppressing the nerve root (Figure 2) . After a bone fragment was removed by decompression surgery, the symptom was significantly relieved.
Except for the 2 cases mentioned above, which are clear in their nerve compression sources, no apparent reasons were found through imaging examinations for the rest of the patients in this group. Regarding these findings, Hunt suggested that it may be related to excessive distraction of the surgical decompression side and oversized cage implantation at the decompression side during surgery, as well as foramen deformation of the non-surgical decompression side caused by surgery recovery lordosis curvature [17] .
This study analyzed and compared the difference in contralateral foramen area and DHI before and after surgery between the symptomatic group and non-symptomatic group. The results show that patients in the symptomatic group had smaller contralateral foramen area and DHI ( Table 1 ). The comparison of the intervertebral foramen area change before and after surgery in the symptomatic group showed that the postoperative contralateral foramen area was not generally increased, as previously thought, but instead, most of them were reduced ( Figure 4 ).
Therefore, we have reasons to believe that the contralateral neurological symptom may also be attributed to the unsatisfactory intervertebral height restoration, excessive closure caused by intervertebral height variation, and contralateral foraminal stenosis. As in Cases 3, 4, and 5 in group B, postoperative CT examinations showed foraminal stenosis at the non-surgical decompression side, which was alleviated by contralateral foraminal surgical decompression ( Figure 3 ). This result is inconsistent with the theory of oversized implantation proposed by Hunt. We believe that although an oversized cage can cause variations in intervertebral space width, the occurrence of this symptom is associated with the possibility that implantation position is too biased towards the symptomatic side. If the cage is appropriately implanted and intervertebral height recovers well, this symptom would not occur. In addition, in Case 5 in group B, foramen area at the
